Peanut (Arachis hypogaea L.) is the most popular legume cultivated for food and cash in the Guinea and Sudan savannah ecologies of northern Ghana. A three-year survey was conducted between 2003 and 2005 to: (1) document the prevalence of weed species, (2) determine current cropping systems and weed management practices, and (3) assess the response of peanut to weed management practices. Flora with more than 5% dominance included: (1) the dicotyledonous weeds, Corchorus olitorius L.
Peanut (Arachis hypogaea L.) is the most widely cultivated legume crop in northern Ghana because of its adaptation to the climatic conditions and its ability to grow relatively well on poor soils (Gascho and Davis, 1995; Kaleem, 1990 ). Peanut is a major source of protein in human diets and haulms are important components of livestock feed in Ghana (Marfo, 1997) . Edible oil is also extracted from peanut seed and is used for local consumption. Peanut is effective in rotation with corn and other cereals due to biological nitrogen fixation by peanut (Gascho and Davis, 1995; Kaleem, 1990) .
Peanut production in the savanna ecology is of great potential in the West African region (Schilling and Misari, 1992) . However, weed interference is a major constraint to optimum production requiring considerable investment of human labor to minimize negative impact on pod yield (Akobundu, 1987; FAO, 1994; Frimprong, 2002) . Yield loss due to weed interference in West Africa is estimated to be 50 to 80% (Akobundu, 1987; Carson, 1979) . The relatively slow initial growth of peanut and morphological characteristics that do not allow it to grow above weeds influences susceptibility of peanut to early season weed interference (Akobundu, 1987; Subrahmaniyan et al., 2002) . Although peanut is susceptible to weed interference, cultivars with running growth habit can suppress weeds by providing ground cover more quickly than cultivars with a more upright growth habit (Akobundu, 1980) . Three timings of weed removal during the first 6 weeks after plant (WAP) are recommended to substantially reduce weed interference in peanut (Akobundu, 1987) .
Despite importance of peanut to the economy of Ghana, current information on weeds and other management constraints is limited. In order to formulate and transfer effective and sustainable weed management strategies in peanut, documentation of distribution of weeds and characterization of agronomic and weed management practices are needed. The objectives of this study were to (1) document the distribution and density of weeds in peanut cropping systems, (2) document current weed management practices of farmers, and (3) assess yield response of peanut to current farmer weed management strategies.
Materials and Methods
Prior to sampling each field, a short survey (Table 1 ) was administered to farmers to document information on method of land preparation; peanut cultivar; date of planting; and method, timing, and frequency of weed control practices. Cropping systems implemented also were documented. The survey was conducted in 48 farmer fields during 2003, 2004, and 2005 between August and October by randomly evaluating four 1-m 2 quadrants per field in the Northern, Upper East, and Upper West savannah regions of Ghana. Weed species, density of each species, weed biomass at harvest, peanut haulm production, and pod yield were recorded based on the 1-m 2 quadrants. Latin binomial and authority for each weed over the duration of the survey are presented in Table 2 . Weed and peanut haulm biomass were individually oven dried at 80 C for 48 h. Average weed occurrence in farms was calculated using the Summed Dominance Ratio (SDR) approach (Dangol, 1991) .
where F 5 frequency of occurrence of a weed species within a field, D 5 density of occurrence within a field on the scale of 0 to 4, where 0 5 no occurrence of a weed species (1 m 2 ) and 4 5 20 or more plants of the weed species. Coefficient correlations were determined for weed biomass and haulm production versus pod yield at p , 0.01.
Results and Discussion
Characteristics of peanut cropping systems.
The surface soil texture of the survey area generally consisted of silt loam (48%), sandy loam (48%) and silty clay loam (2%) (data not presented). Fortyfour percent of farmers prepared land with a tractor while 37% used livestock to plow fields and 20% used traditional hoeing to prepare land for planting (data not presented). Nine and 18% of farmers planted peanut in April and May, respectively, while 41% planted in June and 32% planted in early July (data not presented). Planting coincided with the stability of rainfall and temperatures suitable for optimum for germination and seedling establishment (Abudulai et al., 2007) . Similar to a survey by Bolfrey-Arku et al. (2006) in southern Ghana, hoeing was the dominant weed control method practiced by 91% of farmers (data not presented). Fifty-two percent of farmers weeded only once, which is less than recommended to optimize peanut yield (Akobundu, 1987) . Thirtysix percent of the farmers weeded their fields twice at 3 and 6 WAP while only 2% weeded three times. Bolfrey-Arku et al. (2006) , in southern Ghana, reported that 33 and 59% of farmers weeded peanut fields once or twice, respectively. Herbicides were applied by 9% of farmers in northern Ghana (data not presented) compared with only 4% of farmers in southern Ghana (Bolfrey-Arku et al., 2006) .
Generally, cereals such as corn preceded peanut, but peanut following peanut was also practiced. Farmers planted improved peanut cultivars with bunch or erect morphological characteristics, primarily the cultivar China, although some farmers planted locally-derived cultivars such as Bugla. Intercropping peanut with cereals was common but monocropping of peanut for several years prior to rotation with cereals was also practiced (data not presented). Although pod yield was the primary criteria for cultivar selection, cultivars were also selected by farmers based on their suppressive ability against weeds; the runner morphology of the improved cultivar Manipintar was preferred on these farms (Abudulai et al., 2007) .
Prevalent weed species and their level of dominance.
Weed species associated with peanut fields were highly diversified in species composition and density in the three regions (Tables 3-5) . Generally, dicotyledonous weeds dominated the flora followed by monocotyledonous weeds (grasses and sedges) and the parasitic weed Striga hermonthica. Average weed occurrence (at least 5% SDR) for the three years included the dicotyledonous weeds: Corchorus olitorius, Commelina benghalensis, Commelina diffusa, Desmodium spp., Hyptis suoveolens, Mimosa invisa, Mimosa pigra, Mitracarpus villosus, Oldenlandia corymbosa, Phyllanthus amarus, Scoparia dulcis, Tridax procumbens, Triumfeta cordiflora, and Vernonia galamensis; and the monocotyledonous weeds Axonopus compresus, Cyperus spp., Digitaria horizontalis, Eragrostis tremula, Hackelochloa granularis, Kyllinga spp., Paspalum scrobiculatum, Rottboellia cochinchinensis, and Setaria pallide-fusca.
During 2003, a total of 38 weed species were observed in the Northern Region, of which 23 were dicotyledonous, 14 were monocotyledonous (11 grasses and 3 sedges), and 1 parasitic weed (Table 3 ). In the Upper East Region, 29 species were observed with 17 being dicotyledonous, 11 monocotyledonous (7 grasses and 4 sedges), and 1 parasitic weed Genus and species Authority
Bak. Tridax procumbens L.
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A. Rich. Vernonia galamensis (Cass.) Less. ( Table 3 ). In the Upper West Region, the weed flora composed of 15 dicotyledonous and 11 monocotyledonous species (9 grasses and 2 sedges). Weed flora distribution in 2004 in the Northern Region consisted of 38 species (26 dicotyledonous, 11 monocotyledonous, and 1 parasitic weed) (Table 4 ). In the Upper East Region 24 dicotyledonous and 13 monocotyledonous were observed. In the Upper West Region a total of 33 species were distributed as 16 dicotyledonous and 17 monocotyledonous species (Table 4) . In 2005, weeds in peanut cropping system in the surveyed area revealed 37 species (23 dicotyledonous and 14 monocotyledonous), 33 species (23 dicotyledonous and 10 monocotyledonous), and 32 species (17 dicotyledonous, 14 monocotyledonous, and 1 parasitic species) in the Northern, Upper East, and Upper West Regions, respectively (Table 5 ). There were differences between levels of dominance of the various weed types at the different locations (data not shown). Locations with less weed dominance had a relatively more effective weed management with associated higher peanut haulm and pod yield than those with higher weed infestations. Due to their rapid proliferation and regeneration ability through stem cuttings , dicotyledonous weeds such as Commelina benghalensis and Commelina africana L. have been identified by the farmers as difficult to manage, as hoeing leads to breakage and multiplication of their vegetative propagules (Akobundu, 1987) . Nitrogen fixation by the previous peanut crop could also stimulate growth of weeds (Kaleem, 1990) . Despite the higher abundance of dicotyledonous weeds relative to monocotyledonous weeds, the latter poses a more serious threat to both peanut and farmer management efforts. Monocotyledonous weeds such as Digitaria horizontalis, Cynodon dactylon (L.) Pers., and Paspalum scrobiculatum L. regenerate quickly while Rottboellia cochinchinensis and Ishaemunm rogosum Salisb. are highly competitive (Akobundu, 1987) . Most of the grasses are anatomically C-4 plants and express higher photosynthetic rates than peanut, especially under conditions of elevated temperatures and limited soil moisture (Akobundu, 1987) . Although parasitic weeds, especially Striga hermonthica, form a small proportion of weeds in the peanut cropping system, they constitute the most important biotic weed pest in cereal-peanut intercropping systems (Parker and Riches, 1993) .
Weed dry matter production in farmer fields at crop maturity. Despite weed management interventions using hoeing, weed dry matter production at crop harvest in farmers fields during the three years and ranged from 650 to 2350 kg/ha, 650 to 2400 kg/ha, 600 to 2100 kg/ha during 2003, 2004 and 2005, respectively (Table 6 ). In 2003, the Generally, the dominantly one hoe-weeding regime practiced by farmers in the survey region does not reduce weed interference sufficiently to optimize peanut yield (Akobundu, 1987) . Akobundu (1987) observed that the growth of peanut is slow and therefore could require more than two hand weeding regimes to offer adequate protection of the crop against weed interference.
Peanut haulm production in farmer fields at crop maturity. Peanut haulm production in farmer fields in each year of the survey was low (Table 6 ). In 2003, haulm production was lowest and in the range of 510 to 1490 kg/ha (Table 6 ). Haulm production was higher and ranged from 590 to 1800 kg/ha during 2004 (Table 6 ). Production increased considerably and was high at all locations during 2005, ranging from 860 to 5500 kg/ha (Table 6) indicative of non-attainment of the potential haulm production for the zone. This shortfall in haulm production has the implication of limited appropriate agronomic crop management practices by farmers and could potentially reduce haulm used as feed for livestock production. Peanut pod production in farmer fields. Peanut pod production in farmer fields exhibited significant variation among locations in each of the three years (Table 6 ). Pod production was low ranging from 520 to 1480 kg/ha during 2003, 210 to 1200 kg/ha during 2004, and 420 to 1680 kg/ha during 2005 (Table 6 ). Generally, pod production was highest in the Northern Region and Bagurugu gave the highest yield in 2005 due likely to a better production environment of rainfall (Kasei, 1988) , soil fertility, and cropping history.
Relationship between weed biomass, peanut haulm, and pod production. Weed biomass and peanut haulm were negatively correlated with pod production in each year of the survey (Table 7) . The correlation coefficients were moderate in 2003 for both weed biomass and haulm production and above average for haulm production in 2004. However, weed biomass gave consistently high correlation coefficients with pod yield in 2004 and 2005, while the coefficient of haulm with pod yield was high only in 2005.
The potential haulm yield of some peanut cultivars including a local cultivar at Nyankpala in the Northern Region ranged from 2180 to 3000 kg/ha (Marfo, 1997) . The prospective kernel yield of peanut cultivars including some local entries in the zone could be high, in the range of 760 to 6200 kg/ha (Marfo, 1997) . It is apparent that effective weed management regimes which remove weed interference increase peanut haulm and pod yield. FAO (1994) reported that in-row weed density of approximately 1 plant/m resulted in a yield loss of 32 to 45%. The dominance of annual weeds in the cropping system could confer additional interference due to similarity in root habit of the crop and the associated weeds of annual growth cycle (Akobundu, 1987) . Consequently, weed biomass at crop harvest was high enough to indicate likely high degree of weed interference during crop development with subsequent reduction in peanut yield. Prolonged weedpeanut interference most likely was responsible for the low haulm and pod yield in these fields.
Peanut cultivars with high haulm production could offer some measure of weed suppression to reduce weed-peanut interference and promote higher haulm and pod yield (Akobundu, 1987) . Reducing peanut haulm and pod yield due to weeds will require combination of management practices including improved seedbed preparation, timely planting, appropriate fertilizer application, timely weeding at the appropriate frequency, crop rotation, and fallow management. Furthermore, additional research should include greater capacity building of farmers and Agricultural Extension agents in integration of proven and alternative weed management tactics including selective herbicides to increase peanut production in northern Ghana (Akobundu, 1990; Labrada, 2002) .
